Rotatability is a desirable feature of a response surface experimental design. In case a design is non rotatable or exhibit surface of constant prediction variances that are nearly spherical then an attempt is made to make the design rotatable. In this paper, a measure of rotatability of five level second order rotatable designs using an infinite class of supplementary difference sets is suggested. The variance function of a second-order response design and an infinite class of supplementary difference sets is used in coming up with the design.
Introduction
The property of rotatability as a desirable quality of an experimental design was first advanced by [1] and requires that the variances of the estimated response are constant on circles or spheres about the center of the design.
Original Research Article
Koukouvinos et al. [2] gave a general construction method for five level second order rotatable designs. Further research was done by Mutiso, Kerich and Ng'eno [3, 4] where they constructed five level rotatable designs using an infinite class of supplementary difference sets. Park et al. [5, 6] developed a measure of rotatability that is invariant under rotation and Ng'eno [7] developed a measure of modified rotatability using an infinite class of supplementary difference sets by fixing c=5. This article presents a measure of Box-Hunter [1] rotatability by fixing c = 3. The measure will be investigated using an infinite class of supplementary difference sets.
The following symmetry conditions (Moments conditions) needs to be satisfied for a design to form a Second order rotatable arrangement [1] Using these symmetry conditions the variance and the covariance of the estimates are obtained and are shown below
and all other covariances are zero.
An inspection of the variances shows that a necessary condition for the existence of a non-singular second order design is ( + − 1) − > 0 which leads to the following non-singularity condition first developed by Box and Hunter [1] > (1.3)
Harder and Park [8] studied estimates in response at two different points in the factor space. They introduced the analogous form of Box Hunter rotatability and termed it as slope rotatability. Harder and Park [4] and Park [9] stated that the necessary and sufficient condition for slope rotatability is 4V( ) = ( ). The condition was simplified by Victorbabu and Narasimham [10] and they developed equation (1.4) below which is the necessary and sufficient condition for a 2 nd order design to be slope rotatable
Methodology
Seberry Wallis [11] defined supplementary difference sets and stated that the parameters of e-[v; k 1 ,k 2 ,…,k e ,λ] SDS satisfies λ (v-1) = ek(k-1). Koukouvinos et al. [2] came up with the following useful relationships which we will utilize in this study. 
Basing on Box -Hunter rotatability criteria [1] we fix c to be 3 in 2.1 and 2.2 and therefore we have
and therefore,
A design whose moments do not conform to the moment conditions of rotatability is said to be nonrotatable. If circumstances are such that exact rotatability is unattainable, it is still a good idea to make the design nearly rotatable [5, 6] The article utilizes the measure developed by Park et al. [6] to access the degree of rotatability. If the region of interest is 0≤ ≤ 1, then the rotatability measure is expresses as
where
and g is a scaling factor.
on simplification the numerator portion of To compare the design, Park et al. [6] considered the scaling of the design. In this article, the design is scaled in such a way that all the point's lie inside or on the unit sphere [12] .
If we have a set of points
One advantage of this is that, when we add center point, the remaining points do not have to be rescaled.
To construct the measure we will use equation (2.5) developed by park et al. [6] and replace v with m because in supplementary difference sets we have = factors. We therefore obtain the following = 4.285 × 10
The above value is less than one but not close to one meaning that the design in not rotatable. 
A measure of rotatability of modified second-order rotatable design was endorsed by Ng'eno, H. M. [7] . The variance function of a second-order response design and an infinite class of supplementary difference sets is used in coming up with the design. Koukouvinos et al. [2] also present a method for constructing secondorder rotatable designs in order to explore and optimize response surfaces based on an infinite class of supplementary difference sets. The produced designs achieve both properties of rotatability and estimation efficiency. Also, they possess good predictive properties [2] .
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